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DIAGNOSIS OF HEPATOCELLULAR INJURIES USING SERUM FRUCTOSE-1,6- 

BIPHOSPHATASE 

Field of the Invention 

This invention relates to a method of diagnosing disease and specifically relates to a method of diag- 
nosing liver damage in a human subject, and relates to a test kit for perfoming the method. 

Background of the Invention 

The conventional tests of "liver function", widely adopted, include measurements of serum levels of 
aspartate (AST) and alanine (ALT) transaminases, alkaline phosphatase (ALP), gamma-glutamyl 
transpeptidase (GGT), bilirubin, albumin and clotting factors. None of these tests is specific for liver 
disease, and elevated serum levels of the enzymes and bilirubin, as well as decreased concentrations 
of albumin and clotting factors, may occur in other conditions. For this reason, patterns of test results 
are often used to detect hepatocellular damage, loss of function or biliary obstruction. Even so, evalua- 
tion of liver disease can pose difficulties, owing mainly to the poor sensitivity of the routine liver function 
tests. This is exemplified by the delayed increase in serum transaminases following acute hepatocel- 
lular injury, as would occur, for example, following paracetamol poisoning. 

Previous studies have shown glutathione S-transferase (GST) to be a very sensitive marker of acute 
hepatocellular injury. GST has been evaluated in the context of detection of acute allograft rejection in 
liver transplant recipients. Among these patients, the risk of rejection of the allografted organ is par- 
ticularly high in the first few weeks after transplantation (Esquivel et al. 1985), and early diagnosis is 
essential in order to implement early measures that would limit the immune damage to the allograft 
(Trull et al. 1994; Rees et al. 1995; Hughes et al. 1997). GST is of particular value in the assessment of 
hepatocellular injury, due to its fast increase in serum following an acute episode. It also has a short in 
vivo half-life that results in a rapid fall in its serum concentrations in response to successful treatment 
(Trull et al. 1994), permitting withdrawal of potentially harmful immunosuppressants soon after resolu- 
tion of the rejection episode. However, although of clinical benefit in diagnosis and management of 
patients, owing to the presence of different isoforms, as well as low enzymatic activity in serum, GST 
assays are based on immunological methods, which are still relatively time-consuming, labour- 
intensive and expensive. For these reasons, GST assay has not yet found a niche in routine clinical 
biochemistry. 

In search of an enzymatic method that may offer the high sensitivity and specificity of GST in detecting 
acute liver damage, the inventors analysed a number of cytosolic and mitochondrial liver enzymes, 
including glucokinase, glutamine synthetase, carbamoyl phosphate synthase and pyruvate kinase, in 
preliminary studies using serum samples from patients who experienced acute hepatocellular damage. 
None of these tests proved sufficiently sensitive and sufficiently free of gross interference from serum 
to render it suitable for diagnostic use. 
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FBPase which might be expected for a healthy individual; and making a diagnosis based on the com- 
parison. 

The method of the invention may be used to diagnose either chronic or acute hepatocellular injury. 
Conditions leading to chronic hepatocellular injury which might be suitable for diagnosis by the method 
of the present invention include, for example, cirrhosis, chronic active hepatitis, obstructive jaundice, 
and the like. Conditions leading to acute hepatocellular injury include, for example, acute viral hepatitis, 
ingestion or administration of toxic substances (especially toxic overdoses of pharmaceutical sub- 
stances, such as paracetamol), and episodes of immune rejection of transplanted livers. 

Those skilled in the art will appreciate that conventional tests of liver function, and other diagnostic 
methods (e.g. physical examination) may be used by a clinician in combination with the method of the 
invention in reaching a diagnosis. In addition, those skilled in the art will appreciate that a sample of 
plasma from the patient, rather than a serum sample, may be employed in the method of the invention 
with equivalent effect, although serum is much more commonly used in practice. Accordingly, the term 
"serum" as used herein is intended to refer equally to plasma. 

Various methods of determining the amount of FBPase in a sample may be employed. For example, 
an immunological test (such as an ELISA) may be employed to determine the amount of FBPase anti- 
gen. More preferably however, a biochemical method is used (i.e. a method which relies on the bio- 
chemical properties of FBPase, rather than the immunological properties thereof), biochemical tests 
being generally quicker and cheaper to perform than immunoassays. Such biochemical assay methods 
allow for a determination of the amount of FBPase by measuring the amount of FBPase enzyme activ- 
ity in the sample. 

The assay method of the invention is preferably an enzyme linked biochemical assay method (i.e. an 
assay in which the enzymatic properties of FBPase are utilised as one of a series of linked reaction 
steps). Preferably the assay method is such that the assay result may be read spectrophotometrically 
(e.g. the reactions in the assay may produce a coloured product, and/or use up a coloured substrate, 
giving a colour change in the reaction mixture). The assay method may be for example, an end-point 
assay, in which the assay result is read at a particular time point (usually when the assay reaction has 
reached equilibrium). More preferably however, the assay method will comprise a kinetic assay, in 
which readings are taken at several time points. Such kinetic assays allow for determination of the rate 
of reactions, and are more widely used in clinical practice than end-point assays, being more sensitive 
and more informative. A suitable enzyme-linked biochemical test for FBPase activity has been dis- 
closed in the prior art (von Rechenberg et al, 1984) and is further described in the examples below. 
Other biochemical assay methods for determining FBPase activity will be apparent to those skilled in 
the art. 
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The instructions for use provided with the kit will typically describe a method in accordance with the first 
aspect of the invention. The kit may also comprise one or more of the following components: positive 
and/or negative controls; reference samples; buffers; and quality assurance materials. Typical quality 
assurance materials may comprise serum (or plasma) samples containing a known amount of FBPase. 

In some embodiments the kit will also comprise specific inhibitors of FBPase, so as to allow determina- 
tion of amounts of non-specific phosphatase activity in the sample from the patient. The amount of non- 
specific phosphatase activity in the sample may then be deducted from the total enzyme activity so as 
to provide a result for specific FBPase activity. One such specific FBPase inhibitor suitable for inclusion 
in the kit is adenosine monophosphate (AMP). 

An alternative approach is to employ substances which inhibit non-specific phosphatase activity in the 
sample due to serum alkaline phosphatase (e.g. bromoteramisole, BTO, which is also suitable for in- 
clusion in the kit). The method of the invention may also comprise the use of FBPase inhibitors such as 
AMP, or alkaline phosphatase inhibitors such as BTO. Conveniently, samples may be tested in parallel, 
in the presence and in the absence of a relevant inhibitor, so as to provide a figure for FBPase-specific 
activity in the sample. 

In one embodiment the assay reagents in the kit will normally comprise fructose-1, 6-bisphosphate at a 
known concentration. Conveniently the kit will further comprise additional reagents, for performing a 
"linked" assay, e.g. of the type known from the prior art. Accordingly the kit may also comprise as rea- 
gents: an isomerase (e.g. phosphoglucose isomerase); glucose-6-phosphate dehydrogenase (G-6- 
PDH), and NADP. In such a linked assay, FBPase activity is measured indirectly, being proportional to 
the rate of generation of NADPH, which may conveniently be determined spectophotometrically by 
measuring absorbance at 340nm. However, a number of other methods of assaying for FBPase activty 
are known, and so equivalent kits comprising other relevant reagents will be apparent to those skilled 
in the art. For example, an alternative embodiment may comprise the use of the enzymes phospho- 
fructokinase (PFK), pyruvate kinase (PK), and lactate dehydrogenase (LDH), according to the linked 
rection scheme below: 

(i) Fructose-1 ,6-bisphosphate FBPase > Fructose-6-phosphate 

(ii) Fructose-6-phosphate + ATP PFK > Fructose-1 ,6-bisphosphate + ADP 

(iii) Phosphoenolpyruvate (PEP) + ADP PK ^ Pyruvate + ATP 

(iv) Pyruvate + NADH LDH > Lactate + NAD 

(the concentration of NADH being measured spectrophotometrically at 340nm, and being directly pro- 
portional to the activity of FBPase when the concentrations of F-1 ,6-bisP, ATP, PFK, PEP, PK, NADH, 
and LDH are optimal) 
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Preliminary work conducted by the inventors has indicated that removal of zinc from serum by the use 
of specific or non-specific zinc chelating agents, such as 1,10-phenanthroline or EDTA, increases 
FBPase serum activity. The diagnostic kit in accordance with the invention may therefore compr.se a 
zinc chelating agent, either incorporated as part of the medium containing assay reagents of the kit, or 
as a separate component for addition to test samples. 

The invention will now be further described by way of illustrative example and with reference to the 
accompanying drawings in which: 

Figure 1 is a graph (Absorbance at 340nm against time, in seconds), showing the kinetics of changes 
in absorbance of FBPase assay mixture. Absorbance values are shown over a 20-minute period after 
the assay reagents were mixed with 20 pi of each of 4 serum samples with various FBPase activities in 
a total volume of 1 50 pi. The reaction was carried out at 37X in the absence of AMP.. 

Figure 2 is a graph of enzyme activity (IU/L) against length of time (in days) of storage of serum sample 
at 4°C, assayed in one analytical batch with fresh assay reagents. 

Figure 3 is a graph of FBPase activity (IU/L) against time (in days), showing that assay result is not 
affected by storage of the assay reagents for up to 8 days at 4'C prior to performance of the assay. 

Figure 4 is a graph of ratio (%) of observed/expected FBPase activity against % sample haemolysis 
(together with the corresponding concentration of haemoglobin (in gms/L)), and demonstrates that the 
presence of haemolysis causes an overestimation of FBPase levels. 

Figure 5 is a scatter graph of serum FBPase level (IU/L) for different patient groups, the upper limit of 
normal FBPase level is denoted by the broken horizontal line. 

Figure 6 is a chart showing the day when the relevant serum enzyme leve. showed a significant in- 
crease in liver transplant patients, relative to the day of treatment (day 0) for an episode of acute trans- 
plant rejection. The horizontal bar gives the 95% confidence level. The results shown in panel A (lower 
panel) are for those samples in which GST was measured, whilst the results in pane. B were derived 
from all patients studied. 

Figure 7 is a graph of serum level (expressed as a multiple of the upper limit of normal range, "ULN") 
against time (days) for various enzymes in a representative patient undergoing an episode of acute 
allograft rejection. 

Figure 8 is a graph of serum leve. (expressed as a multiple of the upper limit of normal range. "ULN") 
against time (days) for various enzymes in a patient admitted to hospital following paracetamol over- 
dose. 
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Examples 



Example 1 : Characterisation of Serum FBPase Assay 
1 .1 Serum FBPase measurement 

All chemicals and reagents for serum FBPase enzyme assay and its evaluation were purchased from 
the Sigma Chemical Company (Poole, Dorset, England). Serum FBPase was measured enzymatically 
according to the method of von Rechenberg et al. (1984a). This employed a linked kinetic enzyme 
assay technique, according to the following reactions: 

(i) Fructose-1,6-bisphosphate FBPase * Fructose-6-phosphate 

(ii) Fructose-6-phosphate isomerase* > G lucose-6-phosphate 

(iii) Glucose-6-phosphate G-6-PPH" ^ Gluconolactone-6-phosphate 

NADP^ NADPH 

* phosphoglucose isomerase 

** Glucose-6-phosphate dehydrogenase 

In the presence of optimal concentrations of the substrate, isomerase, G-6-PDH and the enzyme co- 
factors, the FBPase activity is directly proportional to the rate of generation of NADPH, which was 
measured by an increase in the absorbance at 340 nm. The serum enzyme activity was measured at 
37«C by the use of a Monarch autoanalyser (Instrumentation Laboratories), programmed to measure 
the rate of change in the absorbance of the reaction medium over a 10-min period. The final reaction 
mixture contained 0.1 mol/L Tris, pH 7.5 (at 37°C), 0.625 mmol/L fructose-1 ,6-bisphosphate, 10 
mmol/L MgCI 2 , 5,000 IU/L phosphoglucose isomerase, 0.4 mmol/L NADP-Na, 500 IU/L glucose-6- 
phosphate dehydrogenase, 5.5 mmol/L 2-mercaptoethanol and 200 ul/L of 30% Brij 35. 

The measurements were carried out both in the presence and in the absence of adenosine-5- 
monophosphate (AMP), which is a specific allosteric inhibitor of FBPase, at a final concentration of 
1.25 mmol/L (adjusted to pH 7.5) in the reaction medium. The use of AMP allowed estimation of non- 
specific phosphatase activity, which was then subtracted from the total activity in order to give the 
FBPase activity of samples. The Monarch instrument was programmed to mix 75 uL of reagents (ex- 
cluding the substrate and AMP), 20 uL of substrate (with or without AMP) and 20 uL serum in a total 
volume of 150 uL. 

1 .2 Kinetics of FBPase assay 

By the use of the FBPase assay protocol described above, serum samples from a number of patients 
with liver disease were used to assess changes in absorbance at 340 nm at 60-second intervals over a 
20-minute period after the start of each reaction. AMP was excluded from the assay reagents in order 
to assess the change in absorbance due to FBPase activity. 
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Figure 1 shows changes in absorbance over time for 4 serum samples over a 20-minute penod after 
the samples and assay reagents (excluding AMP) were mixed. These and similar findings obta.ned 
from several other samples with various FBPase activities showed that there was a lag phase in the 
kinetics of the enzyme measurements. The rate of change of absorbance with time appeared to be- 
come more linear towards the end of the first 10-minute period. Regression analyses of the data pre- 
sented in Figure 1 showed that the standard errors for the rate of change of absorbance after the first 
10 minutes were 0.15% for the sample with the highest activity and 0.06% for each of the other 3 sam- 
pies. 

Based on these data, there were further but very small increases in the rate of change of absorbance 
with time after the first 1 0 minute period. Accordingly, when the rates of change of absorbance over a 5 
minute period were used to calculate serum FBPase activities, a significant difference was found be- 
tween the activities measured between times 10 and 15 minutes (15.41 ± 5.68; mean t S.E.M.) and 
those between times 15 and 20 minutes (16.29 ± 5.84; mean ± S.E.M.) after the start of the react.cn 
(n=15;P =0.0026). 

This suggests that taking absorbance readings at a time window later than 10 to 20 minutes as em- 
ployed here would give a more accurate measure of the FBPase enzyme activity. However. g.ven that 
improvements in the accuracy of the measured enzyme activities obtained over a later time w.ndow 
would be very small, and that such time windows would decrease the working range of the assay due 
to substrate depletion in samples with high FBPase activity, it was deemed that taking absorbance 
readings 10 to 20 minutes after the start of the reaction would be an acceptable comprom.se for meas- 
urements of FBPase activity in serum samples. By the use of this time window under the cond.t.ons 
employed, the linearity of the rate of absorbance change was maintained with serum FBPase act.vrt.es 
of up to 100 IU/L. but the window selected, within sensible limits, is not critical. 

1.3 Effects of pH 

The effects of hydrogen ion concentration on the measured FBPase activity were studied by the use of 
reagents that were adjusted to various P H values ranging from 7.2 to 7.8. Four serum samples from 4 
patients were used for the evaluations. Similar studies were also carried out in the presence of bromo- 
tetramisole (BTO), which is an inhibitor of ALP. BTO was used at a final concentration of 125 umol/L ,n 
the assay medium. 

In summary, the inventors found that increasing the pH over the range 7.2 to 7.8 units increased the 
measured activity of the FBPase assay. As the pH was increased, there were increases both in the 
measured total activity and blank activity (in the presence of AMP). 

Most of the non-specific phosphatase activity in the FBPase assay is thought to be due to ALP in se- 
rum (von Rechenberg et al. 1984a). Therefore, it is possible that at least part of the increase .n the 
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measured activity observed with an increase in the pH may to be due to interference from ALP, which 
has a high optimum pH. For that reason Bromotetramisole (BTO; oxalate salt), which is a specific in- 
hibitor of ALP, was used at a final concentration of 125 \imo\IL to reassess the effects of pH on 
FBPase activity. The results showed ALP inhibition to have a small but incomplete limiting effect on the 
increase in measured FBPase activity with an increase in the pH. 

As a means of limiting the measured non-specific activity a standardised pH value of 7.5 was chosen, 
in agreement with that used in previously published work (Jimenez-Jativa et al. 1992), to measure se- 
rum FBPase activity in subsequent experiments. However, as with the time window, the pH conditions 
employed are not critical as long as they are within sensible limits. Those skilled in the art will recog- 
nise however that adoption of different pH conditions for the assay will produce different absolute val- 
ues for FBPase than those detailed in the present specification. 

1 .4 Linearity at different serum concentrations 

The recovery of the enzyme activity was measured by the use of 3 serum samples with FBPase activi- 
ties close to 100 IU/L, and re-measurement of the activities at various dilutions of the samples. The 
serum samples were from patients with acute liver disease and were diluted serially in either phos- 
phate-buffered (pH 7.4) normal saline solution (PBS) or in serum from patients with no biochemical 
evidence of liver disease. 

Dilution of samples in PBS produced results which matched those from dilutions in serum. Generally, 
samples with activities of greater than 100 IU/L were diluted in order to obtain a more accurate esti- 
mate of the magnitude of increase in enzyme activity (v.i. for reference range of FBPase in serum) and 
also to enable assessment of the direction of change in the activities over time in subsequent samples. 
The results showed the recoveries to average 1 12.3, 100.6 and 99.1 % of the expected values when 
the samples were diluted 1 in 4, 16 and 64 in serum respectively. The corresponding values when the 
samples were diluted similarly in PBS were 102.6, 83.7 and 97.4 % of the expected values respec- 
tively. Diluting the samples in PBS gave generally lower results than those obtained when the samples 
were diluted in serum. Nevertheless, these findings suggest that the assay performs well when dilution 
of samples with very high activities is required. 

1 .5 Stability of serum FBPase in vitro 

Aliquots of 6 fresh serum samples were stored at -20°C. Over a period of one week, separate aliquots 
of the samples were thawed out on different days and stored at 4°C. At the end of this period, the 
FBPase activities of the all aliquots that had been stored at 4°C for a period of up to 9 days were 
measured in one analytical batch using freshly-prepared reagents. 

The results are shown in Figure 2. There was no significant change in the enzyme activity of the sam- 
ples over the first day of storage. Over a period of one week, however, there was a decrease in the 
activities, which averaged 26% of the activity measured at the outset. The FBPase activities (mean ± 



WO 00/12753 



PCT/EP99/06216 



10 



S E M ) as a percentage of those on day 0 for the 6 samples, were 1 02 * 3.6% on day 1 , 82.0 ± 3.4% 
IU/L on day 5 and 60.3 * 6.5% on day 9. These findings indicated a progressive deterioration of serum 
FBPase with time after a day of storage of specimens at 4 e C. 

The effects of temperature stress on the stability of FBPase in serum were investigated by subjecting 
different aiiquots of a serum sampie with a high FBPase activity to increasing numbers (up to 5)o 
freezing and thawing cycles, and measuring the enzyme activities of the aiiquots in one analyfica 
batch. The results are shown in Table 1 below. The table demonstrates that there was no loss of 
FBPase activity following freeze/thaw of samples. 



lame i 

Freeze-thaw 


FBPase 


Observed/expected 


cycles 


activity (IU/L) 


activity (%) 


0 


93.3 


100.0 


1 


91.8 


98.4 


2 


97.4 


104.4 


' 3 


94.0 


100.8 


4 


92.3 


98.8 


5 


91.3 


97.9 



,n order to assess the stability of serum FBPase in frozen samples over time, 4 serum specimens w, h 
various enzyme activities were aliquoted and stored at -20'C. Over a period of up to 4 months, .nd.v.d- 
ual aiiquots of the samples were thawed out and assayed at few-day intervals with the same batch of 
assay reagents that had been kept frozen since preparation. 

The inventors found that there was no significant change in the measured activity of the samples over 
the first 2 months of the storage. In one sample that was stored for a period of 120 days, however a 
gradual decrease in the measured activity was noted after the first 2 months, such that the values ob- 
tained between days 82 and 120 were significantly lower than those from days 1 to 67 (mean ± S.E.M. 
values of 1 .76 ± 0.04 and 2.24 ± 0.10 respectively; P = 0.0003) 

1.6 Stability of assay reagents at 4°C 

Alquots o, 3 serum samples that were no. more man oneway o.d were stored a, -20'C. On separate 
days over a period of one week, one aliquo. of eaoh serum sample was thawed and its FBPase aotrvrfy 
measured w«h reagents fha. had been stored a. 4-C. The results are shown In Figure 3. In summary, 
no change was detected whan the assay reagents ware stored at 4X for up to 8 days. 
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1 .7 Analytical Interference 

A number of experiments Were performed to investigate the sensitivity of the FBPase assay to possible 
interference by substances which might be expected to be regularly or occasionally present in clinical 
serum samples. 

Bilirubin 

Since patients with hepatocellular damage often have icteric serum, the effect of bilirubin on serum 
FBPase measurement was studied. Serum samples with various FBPase activities were spiked with 
either PBS (controls) or serum that contained bilirubin at concentrations of up to 876 pmol/L (and 
FBPase activities of less than 0.76 IU/L) before FBPase measurements were undertaken. 

In summary, the presence of high bilirubin concentrations had no effect on the FBPase level deter- 
mined by the assay. This was confirmed by dilution of serum samples which had high bilirubin content, 
the dilution series giving consistent values for FBPase. 

Haemolysis 

The interference of haemolysis in many biochemical assays in routine use is a well-known phenome- 
non (Brady & O'Leary 1998; Donnelly 1998), and was accordingly investigated to see if there was any 
effect on the FBPase assay. 

Blood samples that had been collected in EDTA-containing tubes (for separate routine laboratory work 
taken from diabetic patients with no biochemical evidence of liver disease) were used for the prepara- 
tion of a red cell haemolysate. The blood samples were centrifuged for 10 minutes at 3,000 g, the su- 
pernatants were decanted, and the cells suspended in PBS. The suspensions were then recentrifuged 
and the washing step was repeated 5 times. After a final centrifugation, the cells were lysed in distilled 
water, which was added to adjust the volume to twice that of the original samples. The red cell lysates 
were then centrifuged at 17,000 g for 10 minutes, and the supernatants used for the assessment of 
interference of haemolysis in the FBPase assay. 

The red cell lysates were diluted in PBS to give solutions with haemoglobin concentrations ranging 
from 2.0 to 80 g/L. These corresponded to a haemolysis of approximately 1.0 to over 50% of the red 
cells. The dilutions of red cell lysates were added to serum samples with various enzyme activities in a 
ratio of 1:3. The FBPase activities were measured in these specimens and compared with those in the 
corresponding serum samples which were diluted in a similar fashion with PBS. The results are shown 
in Figure 4. 

Despite the absence of significant amounts of measurable FBPase activity in red cell lysate (activities 
of less than 1 IU/L), haemolysis increased the measured serum FBPase activity, indicating an interfer- 
ence from the red cell constituents. The data presented in Figure 4 demonstrate that at a degree of 
haemolysis that corresponded to lysis of 1% of the red cells in the sample, the increase in the serum 
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Example 2 
Reference range 

In order to establish a working reference range for use in clinical evaluation of serum FBPase, samples 
from healthy subjects were studied. 

Serum FBPase activity measurements in samples from 94 healthy blood-donors, of either gender, 
aged between 18 and 65 years, indicated a range in adults from 0.03 to 0.65 IU/L. The frequency plot 
of the values showed a normal distribution of the data with a small negative skewness (the median 
value was 0.28 IU/L). The detrended normal P-P plots (deviation from normal versus observed cumu- 
lative probability) suggested that transformation of the data offered no advantage in compensating for 
the skewness for establishing a reference range. From this data, a reference range of 0.03 - 0.58 IU/L 
was derived. Since only increases in the enzyme activity are of clinical significance, and taking into 
account the relative imprecision of the assay at very low serum enzyme activities, for practical pur- 
poses a reference range of less than 0.58 IU/L was adopted for evaluation of the results from patients 
in subsequent studies. 

Example 3 

Specificity of FBPase assay 

The effects of chronic renal failure, as well as cardiac and skeletal muscle damage on serum FBPase 
activities were assessed. Serum enzyme activities were also measured in conditions where gluconeo- 
genesis was affected. These included poorly-controlled diabetes mellitus, and untreated Addison's 
disease and Cushing's. 

Chronic renal failure 

The FBPase activity was measured in serum samples from 22 patients who had chronic renal failure, 
with serum creatinine concentrations ranging from 800 to 1262 pmol/L, but no biochemical evidence of 
liver disease. The results were compared with the reference range for the serum enzyme assay. 

Acute myocardial infarction (AMI) 

Serum samples from 23 patients with AMI were used for measurement of FBPase activity. The criteria 
for selection of these patients were a total serum CK (creatine kinase) activity of greater than 250 IU/L 
(reference ranges were 24-195 IU/L for males and 24-170 IU/L for females), a CKMB (MB isoform of 
CK) fraction of greater than 6% of the total CK and no biochemical evidence of liver disease. When 
more than one sample from a patient was available, the sample with the highest CK activity was cho- 
sen. The serum CK levels ranged from 250 to 3744 IU/L with a median value of 444 IU/L. 

Myolysis 

The effects of acute skeletal muscle cell damage on serum FBPase was studied in 20 patients, who 
presented with serum CK activities of greater than 350 IU/L, and a CKMB fraction that was at no time 
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values ranged from 350 to 312,000 IU/L with a median value of 



8 1m BPase was measured in the ,ood samples from 21 diahetio patients who had a blood h - 
mogl A, fraction that was greater than 1 0% of the total haemoglobin A,. The plasma glucose on- 
TeTa 1 n the blood of these patients ranged from 10.9 to 25, mmo,L at the time of samp ng. 
These patients had no biochemica, evidence of liver disease based on their convention, .,ver funcfon 
test results. 

Addison's disease pqp*c P The 

Serum samples from 20 patients with untreated Addison's disease were assayed for FBPase The 
Its a7a serum Cortisol response ,0 synacmen the, was less »tan 450 nmoff, a, 30 and 6 mtn- 
Her ,he dose, wfth an tncremen, o, tees than 200 nmoln. oompared with me baseline v*ue. The 
baseline samples were used for FBPase measurements. 

Samples from 13 patients w«h untreated Cushions disease or Cushing's syndrome were as- 
J" se activity Alt *e paints had 24-hour udnery nee Cortisol «-» - 
Z nmo, and had no bioohemical evidence of liver disease. The results o, these sfudtes ere show, 
below in Table 2 and presented graphically in Figure 5. 



-|>Ma ? 








Serum FBPase (IU/L) 


Number with 


Condition 


n 


Range 


Median 


Mean ± S.E.M. 


values > ULN 


CRF 


22 


0.04-0.66 


, 0.39 


0.39 ± 0.03 


2 


AMI 


23 


0.06-0.59 


0.33 


0.33 ± 0.03 


1 


Myolysis 


20 


0.01-0.60 


0.30 


0.32 ± 0.04 


2 


DM 


21 


0.01-0.84 


0.38 


0.38 ± 0.04 


1 


Addison's 


20 


0.01-0.64 


0.32 


0.33 ± 0.04 


1 


Cushing's 


13 


0.01-0.58 


0.26 


0.30 ± 0.05 


0 



Table 2. Serum FBPase activities in different disease states. 
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Abbreviations: n = the number of patients in each group; ULN = Upper limit of normal (0.58 IU/L, based 
on the established reference range); CRF = Chronic renal failure; AMI = Acute myocardial infarction; 
DM = Diabetes mellitus 

The results showed that 1 12 out of the 1 19 patients studied had serum FBPase values that were within 
the reference range. Of the 7 patients who had serum FBPase activities greater than the upper refer- 
ence limit of the assay, one patient with chronic renal failure had a systemic infection at the time of 
sampling, with a serum C-reactive protein concentration of 200 mg/L, and the Addisonian patient with 
elevated serum FBPase was found to be also diabetic. Among the other patients with elevated serum 
FBPase activity, no clinical or biochemical history that might have been relevant could be found. The 
mean values for serum FBPase were comparable in the various groups. However, the patients with 
chronic renal failure and diabetes had the highest median values compared with the other 4 groups 
(Table 3). 

Example 4 

Comparison of serum FBPase with ALT and GST for the detection of hepatocellular injury in 
liver transplant recipients 

Routine sequential samples from 25 liver transplant recipients who had sustained an episode of rejec- 
tion of the allografted organ were analysed for FBPase and other liver function tests. GST measure- 
ments were also carried out on the samples from 13 of the patients. Rejection episodes were diag- 
nosed either by biopsy or, when biopsy was contraindicated, on clinical grounds based on deteriorating 
liver function tests, increased prothrombin time and a rise in eosinophil count (Hughes et al., 1998). 

Of the 25 patients studied, 20 underwent a liver biopsy, and, of these, 15 received specific treatment 
for acute hepatocellular rejection, usually in the form of 3 daily doses of 1 g intravenous methyl- 
prednisolone. Five of the 25 patients received treatment for acute rejection but for clinical reasons were 
not biopsied in the period immediately before or after treatment. In case of 4 of the treated patients, the 
biopsies were carried out only after the completion of the course of treatment, when contraindications 
for liver biopsy, such as thrombocytopaenia, had diminished. 

In order to define a significant increase in serum FBPase, ALT or GST in association with a rejection 
episode, a set of simple criteria were adopted. Thus, the beginning of a significant increase in serum 
activity of an enzyme was defined as the time when there was an increase of at least 50% in serum 
activity in relation to one of the previous 2 values. However, an increase of at least 25% was consid- 
ered significant if there had previously been a continuous decrease in serum enzyme level (a decrease 
of at least 10% per day for at least 2 days). A peak was defined as the maximum value in serum activ- 
ity of an enzyme reached after a significant increase, when there was a subsequent fall in the enzyme 
activity for at least 2 days. 
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Changes in serum FBPase, ALT and GST were compared in essoin * acu,e hapa,ac*'=J 
rej ecL and fte ,ime of star, a, ape* ftaaftien, ,or ,na apisodas. An aseociahon was cons e ed o 
2 prasan, w h an .here was an Increase in aerum enzymes over the pert* from 4 days pnorto da^ 
after a biopsy-proven reieetion ar spa* treatment. Tna rata a, >ha risa in enzyme M .da hmeo 
* pLk * fte s«udied enzymee , r*«on «o ana anofter. and the rata a, dacraasa o, tna enzymes ,n 
serum were also studied. 

Of ft. 25 aplsodas o, acuia hepatocellular ra,ac«an studied, a si 9 nincan, increase 
I was recorded in oniy 15. Hawavar, aerum FBPase activity was found to be ra,sad n ra,a.,on to 24 
^"la, The patian, whose serum FBPasa did no, increase aiso showed no incraa^ 
H ALT Serum GST waa aiavatad in ,2 o, tha 13 apisodas where it waa measured. Serum 
FBPasa. but not ALT, rose in the patient who had no increase in serum GST. 

According to these results, the aenaitivi., o, serum ALT for the defection of aaufe hepatocellular rejec 
m. A, 96% for FBPasa and 9 2% for GST. me senates o, feats baaed on fhese enzym 
" Z*« -er .an .a, baaed on serum ALT. Compared - ALT aenrm FB^a baga 
increase on average 0.8 days (range -1 ,o *3 days; 95% confidence tnlenral = 0.4-1.3 days) eartiertn 
r Z m »»h /a acute reieCn episode, and »s pea, values were reached on average 00 ^ 
sooner (range -. to -2 days; 95% C.i. = 0.2-1 .5 daya). Comparison of serum FBPase and GST lev. 

Led ftareerum GST began ,o increase e^ier in 2 pa«s, by 1 and 3 ^ 
patients however, the uicrease in aenrm GST occurred 1 day later man that of serum FBPase. Among 

fte ofter 8 patienu Ida, ahowed a s*n,r,oan, fterease in GST ft aantm, ft. beginning of an incaaae n 
coincided * ft* a, GST. PeaK serum FBPaae and GST were 

si day in al, fta patianta excep, one. ft whom aerum GST peaKed 2 days 

FBPaae. There waa no relational* between the heights of Ore senum peaks of fta Ihrae measured 

enzymes. 

The beginning of eigniftcan, increases in serum levels of the ftree enzymea in reMon ft fta start of 
^11. ,1 acute region have been compared tn Figure , *nong patients ,n ^j. «■ 
oLs GST was measured, aerum FBPaae and GST began to inceaae on average 0.6 and 0.7 da a 

aerum ALT in relation to a rejeotion episode. There waa no increase in aerum ALT aeftnty, but a stgntti 
Z^Zt serum FBPaae aetivi,, in seven re^on episodes, in ,he res, of fte parents, aerum 
FBPase increased on average 0.9 days eartier ftan aerum ALT (95% C.I. - 0.2-1 .6 daya). 

Finura 7 «lua,ra,ea changea in serum levets o, FBPase. GST and ALT in a aingte representative pa«an, 
I n eZ otal atftgnaf, reiaaOon. The hortzonfa, bar ,dica,es fte dura«on of ve*ftienUor 
Tin wift eugmeniad immunoauppreasion. Levets o, FBPase are denoted by fte round symbo,a, 
GST by fte lozenge symbols, and ALT by fte square symbols. 
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The median and the average rates of increase and decrease for the three serum enzymes have been 
shown in Table 3. Compared with ALT, serum FBPase activity increased faster in serum in relation to a 
rejection episode, and decreased more rapidly following the start of treatment. Compared with GST, 
however, FBPase had a slower average rate of increase and a slower median rate of decline in serum. 

Table 3 (below). Comparisons of the rates of increase and decrease in serum ALT, FBPase, and GST 
in relation to episodes of acute allograft rejection in liver transplant recipients. The rates of increase 
and decrease are average rates per day and relate to those from the start of the rise to the peak and 
from the peak to a nadir or to the end of the sampling period, whichever occurred sooner, for the corre- 
sponding serum enzymes. 



Table 3 



Enzyme 
Assayed 


n 


Median 
increase 


Rate of 
increase 


Median 
decrease 


Rate of 
decrease 


ALT 


16 


60.3% 


132.9% 


12.4% 


12.5% 


FBPase 


24 


88.0% 


524.3% 


19.4% 


45.0% 


GST 


12 


128.7% 


1402.7% 


25.7% 


21.1% 



Example 5 

Comparison of Serum FBPase and ALT in Patients with Paracetamol Overdose 

A total of 32 patients who had taken an overdose of paracetamol were studied. All of them had a serum 
paracetamol concentration of greater than 0.1 mmol/L in the first blood sample that was taken after 
admission. The period of hospital stay for these patients was between 1 and 13 days. Changes in se- 
rum activities of FBPase and ALT were compared, and the data were analysed for the presence of, as 
well as the rate of rise in, the serum enzyme concentrations, the time of the peak of the studied en- 
zymes in relation to one another, and the rate of decrease of the enzyme activities in serum. The start 
of an increase in the serum enzymes was defined as the time when there was greater than a 50% in- 
crease in the activity in relation to the previous result. A peak was defined as the maximum value in 
serum activity of an enzyme reached after a significant increase, after which there was a fall in the 
enzyme activity. 

Serum FBPase and ALT measurements showed that at least one of the two enzymes was increasing 
in serum from 14 out of the 23 patients from whom more than one sample was received. There was no 
rise in serum FBPase in one of these 14 patients, compared with 5 who did not show an increase in 
serum ALT. The rate of the rise of serum FBPase was on average 4642% per day (median 1167%), 
compared with an average rate of rise of 351% per day (median 188%) for serum ALT. 
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In one patient, the peak serum FBPase was reached one day earlier than that for ALT. In another pa- 
tient, the peak in serum FBPase was reached 2 days before the end of the sampling period, whereas 
no peak in serum ALT was observed during the period when samples were taken. When serum 
FBPase was decreasing, the average rate of decline was 54.4% per day (median 54.5%). compared 
with an average rate of decrease of 27.0% per day (median 28.1%) for serum ALT. 

In the 23 patients from whom more than one serum sample was received, serum FBPase did not in- 
crease above the upper limit of the reference range in only one patient, in whom both serum FBPase 
and ALT were decreasing when the first sample was received. However, serum ALT activity was nor- 
mal in all serum samples from 3 patients from whom serial samples were received. 

In the case of 9 out of the 32 patients studied, only one serum sample was received from each patient. 
In none of these samples was there an increase above the reference range for either serum FBPase or 
ALT. 

Data from a single representative patient are shown in Figure 8. The figure shows changes in serum 
levels of FBPase (crossed symbols) and ALT (round symbols) associated with paracetamol overdose 
in a patient who was admitted to a hospital casualty unit on day 1 . 

Discussion 

The data described here demonstrate that serum FBPase can be useful as a marker of hepatocellular 
injury, and may offer a sensitivity close to that of GST, and greater than that of conventional assays for 
ALT or AST, for the detection of hepatocellular injury. The enzyme assay is easily amenable to auto- 
mation, which is a requirement for modern methods in routine and emergency clinical biochemistry. 
Serum' FBPase is stable enough at 4°C for retrospective analyses to be carried out on samples that 
are not more than one day old. After that time, the activity of the enzyme in serum decreases progres- 
sively. 

From these studies, serum FBPase also appears to have high specificity for liver disease. 

Compared with ALT, serum activities of FBPase were found to increase on average about one day 
earlier in association with episodes of rejection of allografted liver. In all but two patients, the increase 
in serum FBPase levels occurred in phase with (and in two cases earlier than) those of serum GST. 
The differences observed in the patterns of increase in serum concentrations, together with the fact 
that there was no relationship between the height of the peaks of the three enzymes relative to their 
normalised reference ranges, may be due to the differences in the patterns of distribution of these en- 
zymes within the liver, the site of hepatocellular injury and release ratios of the three enzymes. 

There was also a much more rapid decline in serum FBPase compared with ALT. The decreases in 
serum FBPase appeared to occur in phase with those of serum GST, with similarities in the rates of 
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decrease of both enzymes. These suggest that the in vivo serum half-life of FBPase in serum is much 
closer to that of GST (Trull et al. 1994) than the much longer half-life for ALT. There are many potential 
advantages in the use of an enzyme with a short halMife for the detection of liver damage. Due to the 
fact that new steady states in serum enzyme levels are reached faster, the serum enzyme activities at 
any time reflect more accurately the presence or the absence of recent episodes of liver injury (Hughes 
et al. 1997). Importantly, since the serum levels normalise much faster after such an episode, any sub- 
sequent liver injury, and particularly a smaller one, would be more easily detected when measurement 
of an enzyme with a shorter halMife is employed. 

In the study of patients admitted for paracetamol overdose, FBPase appeared to increase in a greater 
number of patients compared with serum ALT. This increased sensitivity may partly be due to the 
faster rate of increase of serum FBPase than that of ALT. 
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Claims 



1. A method of diagnosing hepatocellular injury in a human patient, the method comprising the 
steps of: obtaining a sample of serum from the patient; assaying the sample to determine the amount 
of FBPase in the sample; comparing the amount of FBPase in the sample with the amount of FBPase 
in a previous sample from the same patient and/or with the amount of FBPase which might be ex- 
pected for a healthy individual; and making a diagnosis based on the comparison. 

2. A method according to claim 1 , wherein the amount of FBPase in the sample is assayed by bio- 
chemical measurement of FBPase activity. 

3. A method according to any one of claims 1 or 2, wherein FBPase activity is assayed by an en- 
zyme-linked biochemical assay. 

4. A method according to any one of the preceding claims, wherein FBPase activity in the sample 
is assayed by an enzyme-linked biochemical assay and the result of the assay is determined spectro- 
photometrically. 

5. A method according to any one of the preceding claims, wherein a diagnosis of hepatocellular 
injury is made if the amount of FBPase in the sample exceeds the upper limit of a reference range 
established for healthy subjects. 

6. A method according to any one of claims 1-4, wherein a diagnosis of hepatocellular injury is 
made if the amount of FBPase in the sample exceeds the amount of FBPase in a previous sample 
from the same patient. 

7. A method according to any one of the preceding claims, for diagnosing hepatocellular injury 
caused by an acute condition. 

8. A method according to any one of the preceding claims, for diagnosing an episode of allograft 
rejection in a liver transplant recipient. 

9. A method according to any one of the preceding claims, comprising the use of one or more of 
the following as an assay reagent: f ructose-1 ,6-bisphosphate; an isomerase; glucose-6-phosphate 
dehydrogenase; and NADPH. 

10. A method according to any one of the preceding claims, comprising the use of a specific FBPase 
inhibitor, and/or a serum alkaline phosphatase inhibitor. 
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11. A method according to any one of the preceding claims, comprising the use of adenosine mono- 
phosphate and/or bromoteramisole. 

12. A method according to any one of the preceding claims, comprising the use of a specific or non- 
specific zinc chelating agent such as 1,10-phenanthroline or EDTA. 

13. A diagnostic test kit for diagnosing hepatocellular injury in a human patient, the kit comprising 
reagents for measuring the amount of FBPase in a serum sample from the patient, the reagents being 
packaged together in a container. 

14. A kit according to claim 13, further comprising instructions for use according to the method of 
any one of claims 1-12. 

15. A kit according to claim 13 or 14, further comprising one or more of the following components: 
positive and/or negative controls; reference samples; phosphatase inhibitors; zinc chelating agents; 
buffers; and quality assurance materials. 

1 6. A kit according to any one of claims 1 3, 1 4 or 1 5, wherein the reagents and/or other components 
of the kit are provided as freeze-dried solids. 

17. A kit according to any one of claims 13-16 comprising fructose-1,6-bisphosphate at a known 
concentration. 

18. A kit according to any one of claims 13-17, further comprising one or more of the following: an 
isomerase; glucose-6-phosphate dehydrogenase; and NADPH. 

1 9. A kit according to any one of claims 1 3-1 8, comprising a specific FBPase inhibitor. 

20. A kit according to any one of claims 13-19, comprising adenosine monophosphate. 

21 . A kit according to any one of claims 1 3-20, comprising a serum alkaline phosphatase inhibitor. 

22. A kit according to any one of claims 1 3-22, comprising bromoteramisole. 

23. A method substantially as hereinbefore described. 



24. A diagnostic kit substantially as hereinbefore described. 
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